-gauge guillotine needle, usually from the periphery or contrast enhancing edge (if present), and the centre of the lesion shown on CT scan. Specimens were placed on a flat piece of rubber glove and then wrapped in a towel to keep them moist. The specimens were examined immediately by the pathologists and the approximate volume of the sample was evaluated in many cases. Frequently, a small sample was taken for electron microscopy, and then the remainder of the specimen was frozen and sectioned in a cryostat (American Optical Cryostat, Buffalo, NY), which was kept at -20°C. A small mount comprising of embedding medium for frozen sections was prepared on a chuck inside the cryostat and then frozen with the aid of a commercially available freon spray. After freezing, sections were cut at 3 or 4 um thickness. The slides were then stained with haematoxylin and eosin, and toluidine blue (0 7% solution). The frozen specimens were subsequently fixed in 10% formalin solution and were processed through a routine paraffin embedding technique. The histopathological findings of the frozen section, and paraffin-embedded sections were interpreted by the senior author (YT) in each case. Depending on the frozen section diagnosis and CT findings, one or more tissue samples were usually then taken, until frozen section diagnosis was established. In some cases it was decided to wait for paraffin-embedded sections rather than subject the patient to the additional risk of further biopsy. The final pathological diagnosis was the result of rapid intraoperative frozen section examination, histological examination of paraffin-embedded materials, and sometimes electron microscopic or immunocytochemical examinations. This diagnosis was compared with the clinical impression and frozen section diagnosis in each case. Special attention was paid to any discrepancies and these were reviewed in conjunction with an assessment of sample volume and type of lesions.
Results
After combined CT-guided biopsy and intraoperative frozen section examinations, an adequate sample for histological confirmation of lesion type was obtained in 97 of the 100 biopsies. In the three nondiagnostic 1) . In one other case the diagnosis had to be changed to "organising haematoma" which, clinically, was suspected to be a brain tumour of glial origin. Organising haematoma as a definitive diagnosis without evidence of neoplastic growth was confirmed by serial CT scans and the subsequent clinical course of this patient. A clinical impression of "primary vs secondary tumour" was found to be a primary brain tumour in all seven cases. A clinical impression of "tumour vs radiation necrosis" was found to be tumour in two and radiation necrosis in one. Seven cases with a suspected diagnosis of "tumour vs infectious lesion" were found to be tumour in four and infection in the remaining three cases. (table 4) . Among 80 cases in which a stereotactic biopsy was performed, the initial specimen, which was usually obtained from the periphery of the lesion delineated on CT was sufficient for exact histological diagnosis in 51 cases (64%). A negative report on the initial sample necessitated an additional specimen in 21 cases. In six cases, three specimens were necessary, and two patients had four or more specimens taken before obtaining an appropriate biopsy sample for histological diagnosis. Among the 13 cases, in which free hand biopsy with CT guidance was performed, the initial specimens were sufficient for histological diagnosis in six cases (46%). In two cases, two specimens were necessary, three patients had three specimens, and two patients had four specimens taken before a histological diagnosis could be made. 4 Volume ofsample The volume of sample, from which a definitive histological diagnosis was obtained, was evaluable in 71 biopsies. In 48 biopsies (67%) the volume of sample was less than 2 mm3. The sample tended to be bigger in cases of metastatic tumours, malignant astrocytomas and glioblastomas than in those of low grade astrocytomas. However, there was no definite correlation between the volume of samples and type of lesion (table 5 ). The total sample volumes of the three cases in which the biopsy was nondiagnostic, ranged from 4 to 17mm3. 5 Accuracy ofintraoperative frozen section diagnosis A correlation of the diagnosis obtained from frozen section and that obtained from paraffin-embedded sections was carried out in 100 cases (table 6) . Among the 97 biopsies in which a definitive histologic diagnosis was obtained, the diagnosis based on the frozen sections was confirmed by the examination of the postoperative paraffin-embedded sections in 89 biopsies as to tumour type or type of lesion.
In the 83 cases of neoplasm, the exact grade of malignancy identified by frozen section examination was confirmed by paraffin section examination in 71 Colbassani, Nishio, Sweeney, Bakay, Takei fig 2) . In seven cases, the frozen section diagnosis had to be changed in tumour type or grading after examination of the paraffin-embedded sections. This included four malignant astrocytomas, which were diagnosed as "fibrillary or protoplasmic astrocytoma" on frozen section; one glioblastoma diagnosed as a malignant astrocytoma ( fig 3) ; one malignant astrocytoma, which was diagnosed as "malignant neuroglial tumour" on frozen section; and one "malignant tumour" (no details concerning the tumour type could be determined on frozen section), which had to be changed to metastatic carcinoma. A diagnostic error in frozen sections concerning the presence of tumour tissue (false-negative diagnosis) occurred in three cases. This included one malignant astrocytoma, in which the specimen was estimated as 5*5 mm3 in total sample volume and showed only gliosis and oedema on frozen section; one glioblastoma multiforme, whose frozen section specimen revealed only necrotic tissue and was nondiagnostic. The total sample volume of this latter biopsy was estimated as 6-5 mm3. Lastly was a case of a gemistocytic astrocytoma arising in a demyelinating focus, in which the frozen section showed only the evidence of demyelination (fig 4) . Multiple sclerosis was the clinical impression of this patient.
In two biopsies, the intraoperative frozen section diagnosis could not be confirmed in the permanent sections since the lesions identified by frozen section were lost in the paraffin-embedded materials (fig 1) . In these cases, the frozen section diagnosis had been relied upon for practical purposes, and this was confirmed by the patient's clinical course.
Among the biopsies of non-neoplastic lesions, the frozen section diagnosis had to be changed from astrocytic gliosis to multiple sclerosis in one case. Frozen section of this case showed astrocytic gliosis without evidence of demyelination, but the paraffin-embedded section contained a demyelinating focus. Other non-neoplastic lesions were correctly diagnosed by frozen section.
In the three nondiagnostic biopsies, frozen and paraffin-embedded sections contained only astrocytic proliferation, suggesting the border zone of a pathological process. ' 
Discussion
The indications for CT assisted stereotactic biopsy are well-established. Nevertheless, while this procedure has been shown to be safe and particularly effective for deep-seated lesions, there are several factors which influence its reliability. The first and probably the most important factor is the selection of the target for biopsy.8 [10] [11] [12] [13] [14] [15] [16] [17] [18] Although biopsy from a contrast-enhancing rim will most often yield a diagnosis, several investigators have noted that viable tumour tissue may be obtained from areas of enhancement and areas of low density.'0-2 16 In addition, a diagnosis of malignant astrocytoma based upon a biopsy of the contrast-enhancing rim may be confidently diagnosed as a glioblastoma if necrosis is found within the low density centre. In our series, the initial tissue sample was usually obtained from the periphery or contrast-enhancing rim (if present) of the lesion delineated on CT. This was checked histologically by frozen section preparation and was found to contain the lesion in 61% of cases. Thus, in 39% it was necessary to take two or more subsequent samples before the definitive histopathological diagnosis was made. The second factor which influences the reliability of CT-guided biopsy is the size of the specimen sent for histological examination. This small sample size has been considered to be not only the essential limitation in making a diagnosis but also the most common cause of misdiagnosis.19 As demonstrated in our series, however, the accuracy of diagnosis does not always increase proportionately with the size of the specimen. A sample volume of 2mm3 proved to be sufficient for diagnostic evaluation in 67% of cases. Clearly, these factors are not mutually exclusive. The pathologist is dependent upon the neurosurgeon to obtain an optimal specimen for histological study and the neurosurgeon must rely on the expertise of the pathologist to inform him of a diagnostic biopsy. Thus, the combination of CT-assisted Additional specimens were necessary in the remaining cases before a diagnosis could be made. However, in approximately 50% of cases in which the first biopsy sample was non-diagnostic on frozen section, the paraffin-embedded section examinations proved to be diagnostic. Ultimately, a diagnostic biopsy was obtained in 49 of 50 cases. In our series, among 83 neoplasms, histological diagnoses based upon frozen sections matched with the final diagnosis in tumour type in 78 cases (94%), and the exact grade of malignancy in 71 (85%). It should be noted, however, that in neurosurgical pathology, one must be cautious in grading the malignancy of a tumour based upon the histological appearance of limited samples alone. Clinical data, such as the age of the patient, the tempo and duration of symptoms, the radiographic findings and the precise anatomical location of the lesion are 
